Two sets of spin-orbit split Ba 4d core-level photoemission peaks were observed in a crystal of YBa2Cu3O6.9. From constant final-state measurements taken as a function of kinetic energy, the low-binding-energy doublet is identified as a surface component. Possible origins of the surface shift are discussed.
I. INTRODUCTION We report here 
The measurements
were done on the Ames-Montana beamline at the Synchrotron Radiation Center, Stoughton, Wisconsin. The combined ERG-Seya monochromator gave access to energies from 10 to 1000 eV.
The spectra were taken with the angle-integration provided by a double-pass cylindrical mirror analyzer. The overall instrument resolution was about 200 meV for the core-level spectra. The chamber base pressure was 5 x 10 " Torr for all the measurements.
The sample was attached to the cold finger of a He refrigerator, and was cleaved at 20 K without contact with any room-temperature object. Most of the measurements were done at 20 K.
III. RESULTS
The energy distribution curve (EDC) taken at 130-eV photon energy is shown in Fig. 1 Fig. 1 are quite symmetric, suggesting that the Ba at and near the surface may not be embedded in a metallic environment, even though a clear Fermi edge appeared in valence-band spectra. In order to see how the change of Madelung potential at the unreconstructed surface would affect the core-level binding energy, we calculated the bulk and surface Madelung potential for YBa2Cu307 by the Ewald method.
The lattice parameters are from Le Page et al. For the charge assignment of each ion, we assumed an extreme ionic case for the compound, although this compound may be covalent in many aspects. This gives an upper bound for the effect of the Madelung potential. The assigned charges were + 3 for Y, +2 for Ba and Cu, -1 for the 0 in the Cu-0 chain, and -2 for 0 at the other sites. The charge on 0 in the Cu-0 chain was assigned as -1 to obtain a neutral unit cell. The surface potential is obtained by constructing a slab with the c axis normal to the slab, assuming no structural relaxation or reconstruction and no charge redistribution on the surface.
We note that although the two Ba atoms in the bulk structure occupy equivalent sites, cleavage within the unit cell makes the two Ba planes at the surface inequivalent, as shown in Fig. 4 . The difference in the surface Madelung potential for the two cases is striking. In conclusion, the results of the Madelung potential calculation show that a simple termination of the bulk crystal at either of the two Ba planes without surface relaxation or reconstruction is unlikely, and the Ba 4d core-level surface shift cannot be accounted for by the change of Madelung potential at the surface alone. To allow the surface to relax or reconstruct, and also allow the surface charge to redistribute, a self-consistent quantum-mechanical treatment is required.
